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2’9 Septesder 1961

To: . L. Johnuson
‘Bubject: OZONE

A@GWM this memorandun 1s the Maatmm wsade by our senior physieist
on the 2istridbution ond physical chemistry on the m which wo feel can be
expected during operational comditions.

I bvelleve thm_ report very sptly explaims the situstion. %o
eompile the duts coptained in this document, visits were made to & number Of
“high altitude resesreh ladboratoriss snd government facilities, including the
Wﬂie& laboratory in Ramscon Pield, Muss,

_m};w the mmmﬁtim t!mt pome actual erosion meusurements be
made, probebly in o high speed wind tumpel. We will await your adviee or

opinicn befowe proceeding with such tests or continuing owr buackground reseurch
into the subject of osone sttack on orgando meterials,
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DT T TRUTION AND

1. %Qisitribatioz; of Czoue o .
Aceording to <te best current esisates of metctitlodists, the average
idetribution of -zone is quite c¢irntisely depict=4 by i following chart "
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5 x 10 molecules/ce™’
ozone :

Bquetor : Latitude

_ The iscpleths shown are - constant concentretice.

| The rest of the facts that nave been obtained during our studlee on ozcne
aistributicp mey be reported in the following series of lsclated statements |

The orome layer Tl s with the tropcpsuse end is denser’ - :
wher the tropopause ov (§hé sbove chart is &n exsmpls of thie).”

‘he theoretical saximme density {cslculsted from the physical chemistry
and optical sbsorption of the atmogphere) 1& 10 x 103 moiecules of
szone per cm3. This 1s the velue that vas assumed in my previous mmed
an this subject of i4 July 1961. cT

The compression of the stretospbere in the lee of moving oyt
increases the ogzone censity. It 18 not believed that this
sorcentration would excesd 10 x 1032 ml.e‘cules,f’cm?, but sccurste. ;
cbservational data is extremely scanty & the thick clouds evtend
such. copditions preclude the use of thé more convenient methods

1

-

ozone messuvement. o T0 S
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4. The threshold of sensiti ity for the olfactory detection of ozope
vas stated to be 1/2 pwt rer mdlliap st ncrmi temperature and
pressure. This ccrresponds to 1M Y012 molecuies/cm3. Thus, if
~the odar of ozome is detectisie, weimay conclude that it is present
io higher comcentrations tnan will ever be encountere? in the
atmosphere . L R

As & result of these studies, it may be logically assummd thet an awe
osone concentr@tian of 5 x 1012 molecules/cm3 at 80,000 £t will be ewse
during missions of the type considered. An assurption of & maximm of
would include @m Sdequate margin of safety. '

Physical Chemletry of the O3 - O - O Byspam
The physical chemical quantities of interest are listed as follows with

the epergy units in small calories (R = gas comstant, T = &bsolmwmm .
in °K, sod ¥ = third body molecules): - - $o - oep eyl

BEAT OF
REACTION wm& CONSTANT | REACTION
.W';#, =
RT .

1) 0+ 03 20, O.23cxp(

ko) Oy4=0, + 0 77@‘-%& )

mol/ee

3) Qw0 +0 ,
_ R &
) 0+0+ MmO, + X

.
5) 040+ U=0; + N

® "03I+ M0 40y + N

This dste mmy be applied to two different situsticns:
., Wc:z‘mmu\menmwu‘m, 10 be at
with ¢ or 80,
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v b. leading edge conrditicns. Here, pressure equilidbriun can again be
Ssgumed because shock compression under the proposed flight conditions
is quite smmll (20%). Gas temperature should be close to the stagnation
tempersture of a Mach 3.2 flow which 1s assumed to be 800°F (697°x

The equilibrium concentrations of O and O, were calculated from the sbcve

constants and were found to be campletely negligitle. The ratio of ,

- concentration of O to O3 18 of interest. This is 0.17 at S50°F apd i at

B0C°F. This means that st equilibrium, 17% of the ozome ig decouposed st
the lower tempersiure but almest completely converted to O #¢ the leading

edges. 1In the surrounding 216°K atmosphere, the ratio is 10~ ; producing

virtually no decomposition of ozope. : -

The concentration of the variocus spacies in molerules/om3 under the
conditions 1isted above is shown <ir the following table, where 1% 1B assumed
that ozone 1s present st a concentration of 1013 in the ambient stmosphere

and no resction of the ozore is taking place:

L po s Py

_CODITIONS |
| SPECIES - 8 b

Lo 5.9x 30| 4.7 x 201
3:9x 1082} 3.1 x 20
A 23 x 10% | 19 x 2036

The reaction rates under the abowve conditiocms may be discussed through the
use of the previcusly listed rate comstsnts. Under Coedition (a), Reactions
(5) and (6) estarlish a pseudo-equilibri\m condition in sbout a tenth of a
second in which the O concentration is approximetely one-third of the 03
concentration. Thase then dissppesr together by Reaction (1). Remctiod (4),
involving & three body cellisiom, tvo Of which are O atoms, hes & negligidle
rate for all situations comsidered. ) .

The following tibul-tim summarires the results of these reaction rate
calculations for Condition (4). o .




re sub.zect to the ssme concentration of Mc mﬂé . o

, T sascynis Qt;ﬁe above c*m&rmm, m

sdequate margin of safety, tha concentration of scti
b x 1012 m;.eem/ﬂ Erosion to s organic mria; from this amount.
' 001 inch per hm; Mvﬁth

woum be censi.dara.bly hu

e fert ce sy spprecisbie deteritpebion since this
nhfﬁ.nee to fout’ the aacmpociuou bt ozone to f»» (ygen

; 1€ pidern] of atomic cxygen. Thhk‘ et
Aapitin than t&gm ‘would be experfiencsd if the aetiva gea
- form of ozone. Nt ouly 1is sebimic OXygen mere reactiy 1 (O
L. 80 small & moleguls that it cmmum

-dmyers and attack material LR

' It is reccmen@od thet aay

- Aegropriste cootibions could be ‘realized
‘uy placing sn ozane generator {which actually praduces stomic oxygen) 101
w7 Ty gae fl.ov a sbort d*{au.nce w.!' '” -
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